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African sharptooth catfish Clarias gariepinus is native to most of Africa and small parts of Asia, but
has been introduced to 37 countries mainly for aquaculture. This review of introductions, establish-
ment, spread and impact of C. gariepinus in Brazil and outside of its native range in South Africa
provides evidence that the species has been able to overcome all barriers to invasion in both countries.
Following initial introductions across geographical barriers, containment seems to have been impossi-
ble and escape from aquaculture facilities and spread by illegal introductions is an invasion pathway in
both countries. There is evidence of individuals dispersing rapidly following escape, and surviving and
reproducing at multiple sites in a wide spectrum of habitats in both countries. There is a severe paucity
of research on impacts, many of which are inferred from field and laboratory observations, but have
not been demonstrated at population or community level. Such impact studies are urgently required to
better understand the consequences of these invasions and to develop appropriate strategies to mitigate
impacts and spread.
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INTRODUCTION
The African sharptooth catfish Clarias gariepinus (Burchell 1822) is native to most
of Africa and small parts of Asia (i.e. Israel, Syria and south of Turkey) (Froese &
Pauly, 2015) where it inhabits a broad range of habitats such as lakes and impound-
ments, rivers, shallow swamps, seasonal floodplains and even some estuaries (Braun
et al., 2003; Vitule et al., 2006; Troca & Vieira, 2012; Gutierre et al., 2013). It is a
large catfish that is capable of attaining masses of 60 kg and total lengths (LT) of
1·7 m (Bruton, 1976; Froese & Pauly, 2015). Clarias gariepinus has extreme adap-
tations for life in stagnant environments (Donnelly, 1973), including a supra-branchial
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organ which facilitates air breathing and allows them to tolerate low oxygen environ-
ments and even periodic desiccation (Bruton, 1979a). This ability to withstand low
oxygen environments in conjunction with early maturity (Bruton, 1979b), fast growth
rates and excellent feed conversion ratios have made this species popular in the global
aquaculture industry (Hecht et al., 1988; Na-Nakorn & Brummett, 2009). This pop-
ularity facilitated the global movement of this species (Cambray, 2005), examples
of which include: from Côte d’Ivoire to the Netherlands and thence to Poland and
Indonesia, Zaire, Cameroon and China; from unknown sources to France, Hungary,
Iraq, Saudi Arabia, Syria and Israel; from Israel to Cyprus; from Laos to Thailand and
thence to Bangladesh, Myanmar, Malaysia and the Philippines; from central Africa to
Vietnam, Gabon and Congo; from Vietnam to Cambodia and Laos; from Belgium to
Czechoslovakia; from Rwanda to Jordan; from South Africa to Indonesia and Mauritius
(Froese & Pauly, 2015).
The ability to ‘walk’ using pectoral spines (Donnelly, 1973; Bruton, 1979b), wide
environmental tolerances [e.g. temperature (8–35∘ C) and salinities (7–15) (Britz &
Hecht, 1989)] and physiological plasticity that is generally greater than that of native
species (Gutierre et al., 2013) have favoured the escape and subsequent establishment
of C. gariepinus in many recipient countries (Alves et al., 1999; Orsi & Agostinho,
1999; Vitule et al., 2006; Radhakrishnan et al., 2011; Singh & Lakra, 2011; Ng et al.,
2014; Singh et al., 2015). As a result C. gariepinus is considered an emerging invader
(Alexander et al., 2014; Ellender et al., 2015) and its congener Clarias batrachus
(L. 1758) is already listed among the world’s worst invasive fishes (Lowe et al., 2000).
For this reason, the establishment of C. gariepinus in the wild is a cause for concern
in many countries (Cambray, 2003; Vitule et al., 2006; Krishnakumar et al., 2011;
Radhakrishnan et al., 2011). This is particularly relevant in regions with emerging
economies where the need for rapid economic growth often supresses environmental
concerns and favours new invasions of popular species used in global aquaculture
(Vitule et al., 2009; Pelicice et al., 2014).
An important step for developing management strategies for invasions is determin-
ing their extent and traits. In this regard, invasion frameworks (Blackburn et al., 2011)
divide the invasion process into a series of four stages (transport, introduction, estab-
lishment and spread), each of which is confounded by barriers (geography, captivity,
survival, reproduction, dispersal and environmental) that need to be overcome before
passing on to the next invasion stage. Although the transport stage of C. gariepinus
into new geographical regions is fairly well documented, there is much less informa-
tion on the subsequent invasion process. To contribute towards a better understanding
of the invasion process, this review describes the invasion process of C. gariepinus
introductions in Brazil and extralimital introductions in South Africa.
VECTORS AND PATHWAYS
While C. gariepinus were initially introduced outside of their native range in South
Africa and into Brazil for aquaculture purposes, subsequent introductions and spread
were also facilitated by the construction of inter-basin water transfers (IBWT) and by
direct stocking (Cambray, 2003; Vitule et al., 2006).
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Fig. 1. (a) Global aquaculture production of Clarias gariepinus 1988–2013 (FAO, 2015) with an insert (b) show-
ing the relative contribution of South Africa ( ) and Brazil ( ) during the early years of development.
AQ UAC U LT U R E
The commensal relationship with humans (through aquaculture) has facilitated the
‘leap’ of C. gariepinus into many countries, making it a ‘winner’ in terms of global
range-expansion (McKinney & Lockwood, 1999). Currently, global statistics report
the introduction of C. gariepinus into 37 countries outside of its native range (Froese
& Pauly, 2015) and demonstrate an increase in global aquaculture production from
<1000 t year−1 in 1988 to >2·0× 105 t year−1 in 2013 [Fig. 1(a); FAO, 2015]. Even
more important is that these statistics do not record illegal introductions (Singh &
Lakra, 2011; Singh et al., 2015), nor their subsequent movements within a country
following their introduction (Vitule et al., 2009).
Despite its megadiverse native fish fauna (Agostinho et al., 2005), Brazil has a large
number of non-native fish species primarily introduced to develop aquaculture (Vitule,
2009; Britton & Orsi, 2012; Pelicice et al., 2014). This was the case for C. gariepinus,
which was introduced in 1986 and subsequently escaped from aquaculture ponds and
established populations in the wild (Vitule et al., 2006; Britton & Orsi, 2012).
South Africa was one of the key players in the development phase of C. gariepinus
aquaculture and the first documented extralimital introduction in 1941 was linked to
experiments undertaken at the Jonkershoek Hatchery (Hecht et al., 1988), located in
Stellenbosch in the Cape Fold Ecoregion (Abell et al., 2008). As was the case with
many other non-native species introduced into South Africa (Ellender et al., 2014;
Weyl et al., 2014), direct stocking and escape from this government facility were
responsible for the initial introduction of C. gariepinus into the Cape Fold Ecoregion
(Cambray, 2003).
The main thrust of global aquaculture was, however, in the 1980s when the tech-
niques for mass rearing were developed (Hecht et al., 1988). South Africa and Brazil
were major players during the development phase of the industry [Fig. 1(b)]. Ironically,
low market acceptance in the two countries resulted in the rapid decline in produc-
tion (<500 t year−1 in 2013) and the species now contributes little to the value of the
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industry (Britton & Orsi, 2012; FAO, 2015). At a river basin scale, escape from aqua-
culture facilities accounted for 14% of introductions into the wild in South Africa and
66% in Brazil (Table I).
I N T E R- BA S I N T R A N S F E R S
By connecting previously isolated catchments, IBWTs have enabled the passive
dispersal of aquatic organisms in many regions globally (Rahel, 2007; Ellender &
Weyl, 2014; Vitule et al., 2015). In South Africa, IBWTs are responsible for three
introductions of C. gariepinus (Table I). The best example of facilitated movement of
C. gariepinus through an IBWT is the Orange-Fish-Sundays IBWT which transfers
c. 350× 106 m3 year−1 through an 82-km long tunnel that connects the Orange River
system and its fauna with the headwaters of the Great Fish River and subsequently the
Sundays River (Cambray & Jubb, 1977).
The source of the IBWT is the Gariep Dam, where C. gariepinus is native and
comprises 7% of the biomass in experimental gillnet surveys (Ellender et al., 2012).
The first C. gariepinus were sampled from the Great Fish River in 1976, only a year
after its initial connection with the Orange River (Laurenson et al., 1989). They are
now widespread in the Great Fish River where they comprise c. 10% of biomass in
experimental gillnet surveys (Kadye & Booth, 2013). Similarly, after the connection
between the Great Fish and Sundays Rivers was completed in 1978, it took only 3 years
(1981) for C. gariepinus to be sampled from Darlington Dam, close to the IBWT inlet
(Scott et al., 2006). The IBWT now facilitates the continued flow of propagules from
the Orange to the Great Fish and ultimately the Sundays River system (Woodford
et al., 2013) and in surveys conducted in Darlington Dam between 2007 and 2009,
C. gariepinus contributed 21% to experimental gillnet biomass (O. L. F. Weyl, unpubl.
data).
D I R E C T I N T RO D U C T I O N S
Although direct introductions of non-native species are regulated in both Brazil and
South Africa (Ellender et al., 2014; Pelicice et al., 2014), legal and illegal stocking of
non-native fishes contributes significantly to their establishment and spread in the two
countries (Vitule, 2009; Agostinho et al., 2010; Weyl et al., 2014). In South Africa the
only documented legal extralimital stockings of C. gariepinus occurred in the 1960s
into ponds near Cape Town (Cambray, 2003). Clarias gariepinus are popular angling
species which, as is the case with many non-native fishes worldwide (Gozlan et al.,
2010; Britton & Orsi, 2012), are commonly introduced to provide angling opportuni-
ties. In Brazil for example, C. gariepinus is used in ‘put and take’ recreational fisheries
in private ponds, which are usually located near rivers in urban areas (Orsi & Agostinho,
1999; Vitule et al., 2006). Illegal introductions account for 78% of introductions in
South Africa and 33% in Brazil (Table I).
SPREAD
A river-basin scale summary of C. gariepinus introductions in South Africa and
Brazil is provided in Fig. 2. In South Africa, escape into rivers and direct stocking into
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Table I. Clarias gariepinus introductions by river basin in Brazil and South Africa
First





1989 Itajaí-Açu River R SMA ND AQ 1
1993 Sorocaba River R UP ND DI 2
1997 Doce River R, L NMA 229–625 AQ 3, 4, 5, 6
1997 Grande River R UP 436 AQ 3
1997 São Francisco River R SF 285 AQ 3
1997 Paraná River R, I UP 700–1700 AQ 7, 8, 9
1998 Ribeira de Iguape R RI ND AQ 10, 11
2002 Almada River L NMA 370–880 AQ 12
2002 Iguaçu River R, I IG 315–810 AQ 9, 13, 14
2002 Southern Coastal
Drainages
R, E SMA 334–850 AQ 15, 16
2003 Laguna dos Patos L LP 540 DI 17
2003 Paraíba do Sul R PS 1170 DI 18
2006 Eastern Coastal
Drainages
R, E NMA 310–780 DI 19, 20
2012 Guanabara Bay R FL 434–784 AQ 21
South Africa
1960 Berg River R, I, E CF 65–1171 DI, AQ 22
1977 Great Fish R, I, E STH 260–1200 IBWT 23
1981 Sundays River R, I, E CF 262–1240 DI, IBWT 23
1985 Amatole R, I STH 209–1230 AQ 23, 24
1988 Albany R, I STH 69–1000 DI, AQ 23
1997 Kei R, I STH 330–1200 DI 25
1997 Swartkops River R CF 250–450 DI 23, 26
1999 Breede R, I CF 245–1002 DI 23
2001 Gamtoos R, I CF ND DI 22
2001 Mthata River R STH ND DI 22
2003 Southern Drainages R CF ND DI 23
2009 Gouritz R, I CF ND DI 27
2013 Olifants River I CF 268–895 DI 23
Source: 1, P. W. Bertelli (pers. comm.); 2, Smith et al. (2013); 3, Alves et al. (1999); 4, Latini et al. (2004);
5, Mili & Teixeira (2006); 6, Oporto (2013); 7, Oliveira et al. (2005); 8, Langeani et al. (2007); 9, Daga et al.
(2015); 10, Castellani & Barrella (2006); 11, Barbieri et al. (2007); 12, Rocha (2008); 13, A. Agostinho,
C. S. Pavanelli, H. I. Suzuki, J. D. Latini, L. C. Gomes, N. S. Hahn, R. Fugi & W. Domingues (unpubl.
data); 14, Daga & Gubiani (2012); 15, Pinheiro (2004); 16, Vitule et al. (2006); 17, Braun et al. (2003); 18,
Melo et al. (2006); 19, Sarmento-Soares & Martins-Pinheiro (2009); 20, Rabelo & Soares (2014); 21, R.
G. R. Oliveira (unpubl. data); 22, Cambray (2003); 23, SAIAB (unpubl. data); 24, Potts et al. (2008); 25,
Richardson et al. (2009); 26, Ellender et al. (2015); 27, Tweddle et al. (2009).
Habitat: E, estuary; L, lake; R, river; I, impoundment.
Ecoregions (according to Abell et al., 2008): NMA, Northeastern Mata Atlantica; FL, Fluminense; IG,
Iguaçu; LP, Laguna dos Patos; UP, Upper Paraná; PS, Paraíba do Sul; SMA, Southeastern Mata Atlantica;
CF, Cape Fold; STH, Southern Temperate Highveld.
Vectors of introductions: AQ, Aquaculture; DI, direct introduction; IBWT, inter basin water transfer.
LT, total length; ND, not determined.
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Fig. 2. The rapid early spread of Clarias gariepinus in Brazil and South Africa indicated by occurrence at a
river basin scale ( , native range; , introduced range). Data sources: de Moor & Bruton (1988);
Cambray (2003); Scott et al. (2006), South African Institute for Aquatic Biodiversity (unpubl. data), Alves
et al. (1999); Vitule et al. (2006); Rocha (2008).
natural lakes near Cape Town in 1960 and the IBT-associated transfers to the Great
Fish and Sundays Rivers from 1976 onwards resulted in two separate invasions into
the Southern and Eastern Cape. Once introduced, C. gariepinus were rapidly spread
via illegal introductions and escapees from aquaculture facilities that resulted in the
presence of this species in all major river basins and in many smaller coastal drainages
(Fig. 2). In Brazil, evidence for C. gariepinus escape into the wild was within a decade
of its arrival in 1986 and the primary vector for the introduction into each basin was
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Fig. 3. Canonical correspondence analyses ordination bi-plot of species and environmental variables for the four
primary introduced species or families based on presence or absence data from 56 impoundments in the
non-native range of Clarias gariepinus in South Africa.
aquaculture, as this was a growth area in the country from the 1980s (Vitule et al.,
2009) (Fig. 2).
To investigate the factors responsible for the introduction and spread of C. gariepinus,
presence or absence data were compiled [from multiple sources: published and popular
literature, the South African Institute for Aquatic Biodiversity (SAIAB) database and
expert knowledge] for 56 impoundments from the species introduced range in South
Africa (Appendix and Table I). Presence or absence data for other popular angling
species groups (salmonids, centrarchids and Cyprinus carpio L. 1758) were included to
investigate possible relationships between multispecies introductions. These data were
analysed using redundancy analysis (RDA; ter Braak, 1995) to test for relationships
between species presence or absence data and the following variables: surface area, dis-
tance to nearest town, time since the first introduction of C. gariepinus to the drainage,
access control and altitude. Distance to town was the only variable excluded as it did not
contribute significantly to the RDA. The relationships between non-native species pres-
enceor absence and explanatory variables are presented in Fig. 3. Clarias gariepinus
and C. carpio were highly likely to co-occur and their presence was associated with
larger impoundments that lacked access controls. This is intuitive as a large propor-
tion of C. gariepinus and C. carpio introductions have been due to illegal introduction
into large impoundments presumably for angling purposes. There was a relationship
between C. gariepinus presence and the time since their first introduction into each
drainage with greater probability of occurrence as the time since first introduction
increased. Centrarchids on the other hand, were negatively related to altitude and time
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since first introduction of C. gariepinus. Anecdotal reports by anglers of decreased
catches after C. gariepinus introductions have been reported (Cambray, 2003), but
further research would be necessary to assess this impact. Salmonids were positively
associated with high altitudes, as was found by Ellender et al. (2014) for analyses of
southern African impoundments.
ESTABLISHMENT
Establishment is the most important phase of the invasion process, as negative
impacts are more likely once the introduced species have established. Unfortunately,
in Brazil there have been few biological assessments of C. gariepinus populations,
especially directed studies on their long-term persistence and establishment using
empirical ecological data. Length data for different localities do, however, infer
establishment by the presence of both juvenile and adult fish in the population
in several river basins in Brazil (Table I). In contrast, the biology of extralimital
C. gariepinus populations in South Africa has been relatively well studied, albeit
mainly in impoundments (Potts et al., 2008; Richardson et al., 2009; Booth et al.,
2010; Wartenberg et al., 2013).
Validated age estimates using sectioned otoliths demonstrate that C. gariepinus is
much longer lived than was previously assessed from spines and vertebrae (Weyl &
Booth, 2008), and a 26-year-old fish sampled from Darlington Dam, Sundays River
for example, represents a longevity record for this species (Wartenberg et al., 2013).
Assessments of age and growth have demonstrated that C. gariepinus in these invaded
populations display the rapid growth that is characteristic of this species (Potts et al.,
2008; Richardson et al., 2009; Wartenberg et al., 2013).
As is the case in its native range (Bruton, 1979b), maturity is attained at relatively
small sizes (45 cm LT) and young ages (2–3 years) when compared to the relatively
large sizes (up to 170 cm LT) and old ages attained by these fish (Table I). Age structure
of extralimital populations in South Africa demonstrates erratic recruitment patterns
with missing age classes (Wartenberg et al., 2013). These may be a consequence of
mismatch between the climate and the reproductive biology. Clarias gariepinus require
temperatures in excess of 17∘ C and flooded vegetation for spawning (Bruton, 1979b).
While temperature is not limiting in the Mediterranean climate that dominates in the
introduced range of C. gariepinus in South Africa, populations might be limited by the
episodic or winter rainfall that is characteristic of much of the Cape Fold Region (Abell
et al., 2008; Weyl et al., 2014). Early maturity and long lifespan appear to facilitate
establishment because fish are able to wait for favourable conditions even if these do
not occur annually in the temperate South African region, where rainfall patterns and
concomitant flooding, can be erratic.
In both South Africa and Brazil, C. gariepinus appear to establish in mainstream
and reservoir habitats from where they penetrate into tributary streams where they are
contained only by natural (waterfalls) or man-made (dams) barriers (Alves et al., 1999;
Vitule et al., 2006; Ellender et al., 2015). In the Sundays River for example, C. gariepi-
nus were unable to establish in small irrigation ponds (Woodford et al., 2013), but use
the irrigation network to circumvent barriers and invade headwater stream environ-
ments (Ellender et al., 2015). Although there is no evidence of establishment in South
African headwater streams, the continued presence of C. gariepinus in these streams
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is facilitated by casual invasions from main stem source populations (Ellender et al.,
2015).
It is important to note, however, that few studies have considered propagule pres-
sure (the number of introductions, number of individuals or genetic variability that has
been introduced into a certain basin or region). Propagule pressure, together with abi-
otic factors such as climate suitability and biotic interactions, is a major factor in the
establishment process of species in a new environment (Vitule et al., 2009; Britton &
Gozlan, 2013; Woodford et al., 2013). The promotion of small-scale aquaculture in
many developing nations provides high propagule pressure increasing the probability
for establishment. The Brazilian Government for example, considers aquaculture as
a major growth area and actively promotes this sector through the provision of incen-
tives to increase production (Pelicice et al., 2014). Growth in small scale aquaculture is
often dependent on the use of robust, non-native species such as C. gariepinus, which
are spread with the assistance of government-supported extension programmes which
seldom consider biological invasions risks (Vitule et al., 2009; Pelicice et al., 2014).
DIET AND IMPACTS
Descriptive studies of the diet of C. gariepinus in both their native and invaded ranges
demonstrate the ability of this fish to utilise prey ranging from vegetable matter to
fishes and other vertebrates (Bruton, 1979c; Yalçin et al., 2001; Dadebo, 2009). Bruton
(1979c) suggested that the consumption of a given food type by C. gariepinus reflects
the abundance of that food in a given habitat. This may account for the large diver-
sity in feeding strategies documented for this species in the literature. For example, in
Lake Chamo, Ethiopia, a detailed study found that zooplankton occurred in 75·4% of
Table II. Clarias gariepinus gut contents by per cent mass in invaded reservoir and river pop-

















Fishes 68·7 58·7 42·9 66·2 49·2 54·2 62·9
Aquatic insects 0·1 0·1 0·0 2·0 3·4 5·2 2·3
Decapoda 0·0 2·0 0·0 5·0 0·4 27·8 31·0
Terrestrial insects 3·7 1·9 0·0 6·0 3·2 0·0 0·0
Zooplankton 0·1 0·2 0·1 0·0 0·0 0·0 0·0
Algae and phytoplankton 13·7 7·7 10·0 2·6 0·7 0·0 0·0
Macrophytes 0·0 16·6 9·9 14·5 42·1 6·7 3·8
Detritus 13·3 1·4 1·2 3·4 1·0 0·3 0·0
Frogs 0·0 0·0 9·2 0·0 0·0 0·0 0·0
Birds 0·0 11·3 17·3 0·0 0·0 0·0 0·0
Other 0·3 0·1 9·4 0·3 0·0 5·8 0·0
Source data: GMR, Glen Melville Reservoir; GFR, Great Fish River and Sundays River (Kadye & Booth,
2012b); KRR, Kat River Reservoir and Laing Reservoir (Potts et al., 2008); IRE, Itanhem River estuary
(Rabelo & Soares, 2014); Doce River (Mili & Teixeira, 2006).
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the stomachs and accounted for 83·1% of the total volume of food consumed (Dadebo,
2009). In the River Asi in Turkey, C. gariepinus diets indicated considerable filter feed-
ing as well as seasonal shifts to benthic feeding, mainly on invertebrates (Yalçin et al.,
2001). In most situations, however, filter feeding is a secondary strategy and diets are
dominated by larger invertebrate and vertebrate prey which although dominated by
fishes can also include frogs and birds (Table II). This is supported by isotope analy-
ses, which not only demonstrate the broad niche space occupied by this fish, but also
demonstrate that C. gariepinus is a complex predator, with large individuals being top
predators whereas smaller size groups appeared to feed lower in the food chain (Kadye
& Booth, 2012a; Hill et al., 2015).
There are few direct studies on competitive or predatory the impacts of C. gariepinus
on invaded ecosystems. Weir (1972) demonstrated that C. gariepinus were able to alter
invertebrate density and community composition in experimental ponds in Zimbabwe.
In South Africa, Alexander et al. (2014) demonstrated that, in comparison to size
matched native predatory fishes, juvenile C. gariepinus displayed higher type II
functional responses resulting from significantly lower prey handling times and higher
maximum feeding rates. This may explain observations by Kadye & Booth (2012b)
that invertebrate communities differed between an invaded and an uninvaded River in
South Africa. Subsequent exclusions and additions of C. gariepinus from experimental
enclosures within these two rivers demonstrated responses of invertebrate communities
to C. gariepinus predation and predation release (Kadye & Booth, 2012b).
Although predation on native fishes by C. gariepinus in invaded ecosystems is fairly
well documented (e.g. Mili & Teixeira, 2006; Potts et al., 2008; Kadye & Booth,
2013) there are currently no peer-reviewed assessments demonstrating impacts on
native fish communities. Cambray (2003), however, provides two anecdotal accounts
which infer impacts on two endangered fishes in South Africa: (1) the drastic reduction
in abundance of Pseudobarbus asper (Boulenger 1911) from invaded pools in the
Gamtoos River and (2) the exclusion of Sandelia bainsii Castelnau 1861 from habitats
occupied by C. gariepinus. Other impacts have only been inferred from the presence
of native fishes in the diet of C. gariepinus (Vitule et al., 2006; Kadye & Booth, 2013).
This may be due to the introduction of C. gariepinus into river systems that were
already invaded by other alien predators such as Micropterus salmoides (Lacépède
1802) (Ellender & Weyl, 2014). Anglers, however, report that the introduction of
C. gariepinus has resulted in the decline of Micropterus spp. populations in several
South African impoundments (Cambray, 2003).
CONCLUSIONS
This review has demonstrated that C. gariepinus have been able to overcome all barri-
ers to invasion in both Brazil and South Africa. Initial introductions across geographical
barriers were facilitated by aquaculture (de Moor & Bruton, 1988; Alves et al., 1999).
Containment seems to have been impossible and escape from aquaculture facilities is
an invasion pathway in both countries. Clarias gariepinus is adapted to overcome envi-
ronmental and biological barriers to establishment and self-sustaining populations are
widespread in both regions where spread is also facilitated via illegal stocking, mostly
by anglers. As a result, the species can be classified as fully invasive in both South
Africa and Brazil, with individuals dispersing, surviving and reproducing at multiple
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sites across a greater or lesser spectrum of habitats and extent of occurrence (category
E, Blackburn et al., 2011).
There is a severe paucity of research on impacts, many of which are inferred from
field and laboratory observations, but have not been demonstrated at population or com-
munity level. In South Africa this is probably a result of C. gariepinus invasions occur-
ring relatively recently when compared to other non-native fishes (Ellender & Weyl,
2014) and because invaded environments (main stream rivers and impoundments) were
already highly impacted through habitat and flow modification, impoundments, pollu-
tion and introduction of non-native fishes (Weyl et al., 2014) prior to being invaded
by C. gariepinus. While invasions in Brazil differ from those in South Africa because
invaded large river basins still contain diverse native fish faunas which are consid-
ered to be at considerable predation risk (Vitule et al., 2006) there are also no direct
assessments of impacts. Such impact studies are urgently required to better understand
the consequences of these invasions and to develop appropriate strategies to mitigate
against impacts and spread. This is particularly relevant as attempts to develop fisheries
and aquaculture in the two countries may well result in additional invasion opportuni-
ties (Ellender et al., 2014; Pelicice et al., 2014).
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